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Abstract 
At present, cad/cam (computer-aided design and manufacture) have fine wider and wider application in mechanical 
industry. For the complex surfaces, the traditional machine tool can no longer satisfy the requirement of such 
complex task. Only by the help of cad/cam can fulfill the requirement. The machining of the vane surface of the 
impeller leaf has been considered as the hardest challenge. Because of their complex shape, the 5-axis cnc machine 
tool is needed for the machining of such parts. The material is hard to cut, the requirement for the surface finish and 
clearance is very high, so that the manufacture quality of impeller leaf represent the level of 5-axis machining. This 
paper opened a new field in machining the complicated surface, based on a relatively more rigid mathematical basis. 
The theory presented here is relatively more systematical. Since the lack of theoretical guidance, in the former 
research, people have to try in machining many times. Such case will be changed. The movement of the cutter 
determined by this method is definite, and the residual is the smallest while the times of travel is the fewest. The 
criterion is simple and the calculation is easy.  
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1.Introduction  
At present, cad/cam (computer-aided design and manufacture) have fine wider and wider application in 
mechanical industry. For the complex surfaces, the traditional machine tool can no longer satisfy the 
requirement of such complex task. Only by the help of cad/cam can fulfill the requirement. The machining 
of the vane surface of the impeller leaf has been considered as the hardest challenge. Because of their 
complex shape, the 5-axis cnc machine tool is needed for the machining of such parts. The material is hard 
to cut, the requirement for the surface finish and clearance is very high, so that the manufacture quality of 
impeller leaf represent the level of 5-axis machining. This paper opened a new field in machining the 
complicated surface, based on a relatively more rigid mathematical basis. The theory presented here is 
relatively more systematical. Since the lack of theoretical guidance, in the former research, people have to 
try in machining many times. Such case will be changed. The movement of the cutter determined by this 
Available online at www.sciencedirect.com
2 i r B.V. Selection and/or p e -review under respons bility of Garry Lee
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
1458   Liu Huran /  Physics Procedia  25 ( 2012 )  1457 – 1462 
 
method is definite, and the residual is the smallest while the times of travel is the fewest. The criterion is 
simple and the calculation is easy.  
The method presented in this paper combined the impeller leaf design, NC machining and computer 
simulation together. The design and calculation is convenient, and the machining is of high efficient.  
2.Side milling of the impeller leaf in 4 coordinates simultaneous controls 
Suppose that the equation of the impeller leaf could be expressed as: 
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Fig.1 Side milling of the impeller leaf in 4 coordinates simultaneous controls 
Let the impeller leaf rotate an angle of © about its axis  
 
 »
»
»
¼
º
«
«
«
¬
ª
»
»
»
¼
º
«
«
«
¬
ª 
 
vuz
vuy
vux
,
),(
,
100
0sinsin
0sinsin
KK
KK
r
   
   
  »
»
»
¼
º
«
«
«
¬
ª


 
vuz
vuyvux
vuyvux
,
cos,sin,
sin,cos,
KK
KK
 
The normal vector rotate an angle of © as well. 
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The equation of the cylindrical cutter: 
TT[ sin,cos, RzRyx     
The normal vector of the cutter: 
TT sin,cos,0 cycx    cznnn  
If the cutter and the work to be machined is in contact with each other, they must satisfy the following 
requirements: 
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Solve the above equation, we can get: 
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From equation (1), we can get the solution of K , and from equation (2), we can get the solution of T , 
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Fig.2. The relate position between the cutter and the work to be machined 
Let ccc zyx ,,  to be the coordinates of the cutter center  
xcx  [  
cyRy  Tcos  
czRz  Tcos  
Since that on the contact point, the coordinates of the cutter and the work should be the same 
cxyx   [KK sincos                    ˄3˅ 
cyRyx   TKK cossinsin              ˄4˅ 
CzRz  Tsin                            ˄5˅ 
From equation (4)(5) we can determine ., CC zy  
3.The computer simulation for the side milling of the impeller leaf 
With the soft ware of Mastercam, we can do same computer simulation for the side milling of the 
impeller leaf. The change of the angle Ș can be substituted with the drilling of the hole.  
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Fig.3. the fetch of the point on the blank 
On the convex side , we fetch 4 points: 
   x    y    z    Ș     ș      Xc             Zc 
32.3573, 210, 113, -20.20, -61.54  -51.6764   132.431 
-20.966, 210,  80, -4.252, -51.84  -48.8356   97.298 
-34.864, 210,  68, 0.123, -46.17  -48.2635    83.871 
-61.349, 210,  30, 8.415, -20.33  -48.7108    37.643 
First of all, establish a blank for the work. 
Mark the points on the surface of the work 
By the Mastercam we cannot simulate the revolution of the work, the revolution is substituted by the 
angular displacement of the cutter. 
In every places all the feed line of the cutter have an angular displacement of Ș relative to the work. 
From above figure we can find that, with different coordinate, the angular displacement of Ș is different 
as well. 
 
Fig.4  the milling of the work by the milling tool 
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Fig.5 the simulated work to be machined 
 
Fig.6 the simulation of the  work to be machined 
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Fig.7 the result 
Conclusions 
This paper opened a new field in machining the complicated surface, based on a relatively more rigid 
mathematical basis. The theory presented here is relatively more systematical. Since the lack of theoretical 
guidance, in the former research, people have to try in machining many times. Such case will be changed. 
The movement of the cutter determined by this method is definite, and the residual is the smallest while the 
times of travel is the fewest. The criterion is simple and the calculation is easy. 
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